Background: Angioembolization is the method of choice for treating haemorrhage after blunt pelvic trauma. The aim of this study was to determine technical factors related to endovascular procedures which might be related to patient outcome. Methods: This retrospective study included 112 consecutive patients (40 women and 72 men; mean age 57.2 ± 20.0).
Background
Pelvic haemorrhage after blunt pelvic trauma usually occurs in conjunction with severe bone injuries of the pelvis, but can also occur primarily in older people as an isolated result of trauma [1, 2] . In patients over age 65, simple falls at home are the most common cause [1] ; in younger people it is more often traffic or sport accidents with large external force [1, 3] . The mortality rate is higher in older patients than in younger ones [3] , presumably due to reduced physiological reserves and limited cardiac response to injuries and loss of blood [4] . Risk factors are the severity of the injuries per se, delay in establishing the diagnosis, and insufficient haemostasis [5] . The source of internal haemorrhage, usually located in the pelvic muscles [6] but also in the internal organs protected by the pelvis [5] , is 15% arterial and 85% venous or osseous [7, 8] . Arterial bleeding in particular is more important for the prognosis than the bony injury itself [6, 7, 9] and must therefore be treated as quickly as possible [10] . Computed tomography (CT) is the method of choice for a definitive assessment of the type and extent of the injuries [11, 12] . Because CT can also detect arterial bleeding sensitively and specifically, the decision on the further procedure depends largely on the result of the CT scan [9] . For preclinical treatment, the pelvis can be wrapped with blankets or bandages [13] . If haemodynamic stability cannot be achieved through compression [8, 11] , further steps to stop the bleeding must be taken [13] . Surgical procedures [14, 15] consisting mainly of the so-called "packing" method where the source of the haemorrhage was packed with towels [15, 16] have been replaced in recent years by arterial angiography with embolization of the injured vessels. The minimally invasive mechanical occlusion of the pelvic arteries makes it possible to quickly and efficiently eliminate various sources of haemorrhage [7, 10, 17, 18] , even in haemodynamically unstable patients [15, 19] . The development of adequate material progressed quickly [20, 21] , from the initial use of autologous clotted blood and surgical gelatin sponges [22] to modern embolic agents such as coils or polyvinyl alcohol (PVA) particles [20, 21, 23, 24] . However, the significance of the different materials and endovascular techniques with regard to the prognosis of the patient and possible reintervention is still unclear today. Therefore, we aimed to evaluate the hypothesis that the materials used may impact patient outcome. Accordingly, the primary aim of this study was to assess the use of materials and endovascular techniques with regard to morbidity and mortality.
Methods

Type of the study
This study is a retrospective observational study whose implementation had no influence on the treatment of patients. The study complies with the principles of the Declaration of Helsinki in the version of 2013 issued by the World Medical Association.
Inclusion and exclusion criteria
The study included data sets of patients who had suffered a pelvic trauma in an accident between March 1998 and December 2013 and subsequently had endovascular treatment. Patients whose bleeding was not a result of an accident were excluded from the study. Patients whose radiological images were partially or totally missing or whose images were not usable due to movement artefacts or where the materials used could not be determined were also excluded from the study (n = 4).
Patient management
All patients have been admitted through the accident and emergency (A&E) department and were received by an interdisciplinary team consisting of a trauma surgeon, an anaesthesiologist and a radiologist. Physicians of other specialities, such as neuro-, abdominal-or vascular surgery have been readily available as deemed necessary. An ultrasound system as well as a CT scanner were available directly in the emergency department. After initial patient examination and emergent treatment a CT scan was performed identifying arterial extravasation in all cases included. The trauma team, led by the responsible trauma surgeon, jointly decided on all further steps and made the decision as whether to perform immediate surgery or to refer the patient to the interventional radiologists on duty, who were ready for intervention within 30 minutes in all cases. All patients were treated following the same procedures without exemption.
Methodology of the study
Using the radiology information system (RIS), 112 patients were identified who had undergone angioembolization of the pelvic vessels due to haemorrhage after a blunt trauma during the period specified. Over the entire period assessed in this study no patients with traumatic arterial haemorrhage were identified who did not receive angio-embolization and no surgical packing procedures were performed during the observed period. The radiological examinations of these patients were assessed using a Picture Acquisition and Communication Software (IMPAX EE20 XII SU1, Agfa HealthCare NV, Mortsel, Belgium) by consensus of three radiologists (R.R., J.P. and B.G.) and a specialist in traumatology (HC. J.). The volumes of the pelvic haematoma were measured using preinterventional CT scans on a 3D workstation (AW 4.6, VolumeShare 4.4, General Electric Company, Fairfield, Connecticut, USA). The haematoma were defined manually and then automatically segmented. All collected data were anonymised and documented using the Excel software (Microsoft Corp., Seattle, Washington, USA).
Technical equipment and materials
The pre-interventional CT scans were made -with a few exceptions -on three devices by General Electric (LightSpeed Qxi; VCT; Discovery CT 750 HD; General Electric Company, Fairfield, Connecticut, USA). Each protocol included a late arterial image of the pelvis after the intravenous administration of the contrast medium (Jopamiro® 370; Bracco Imaging S.p.A., Milan, Italy, or Ultravist® 370; Bayer Schering Pharma AG, Berlin, Germany). The dosage in ml corresponded to 1.5 times the estimated body weight in kg. In most cases, an automated dosage modulation program was used, which regulated the tube current at a fixed tube voltage of usually 120 kV, so that a predetermined noise factor of 21 was not reached. Various angiography equipment of the companies Siemens and Philips were used (Siemens Artis zee, Siemens Healthcare GmbH, Erlangen, Germany; Philips Integris H5000, Philips Allura Xper FD20/20, Philips Allura Xper FD20; Koninklijke Philips N.V., Eindhoven, The Netherlands). The angiography and embolization materials used are listed in Table 1 .
Parameters measured
From the CT data sets, all injuries in different parts of the body were identified and classified using the Abbreviated Injury Scale (AIS), from which the Injury Severity Score (ISS) was then calculated. The type of haemorrhage was assessed and the source of the haemorrhage was mapped anatomically using the CT scan and the angiographic images. If several branches of a vessel e.g., the pudendal artery or the obturator artery were injured, they were assigned to the common main stem and counted as one vessel. The cause of the accident and the time of the accident, of the initial CT scan, of establishing the diagnosis and of the angiographies were recorded. Moreover, data regarding lethality, amount of blood transfusions, length of intensive care stay, clotting factors and stabilization techniques were collected. The additional parameters are listed in Table 2 .
Statistics
Descriptive statistics were generated using the Excel spreadsheet software (Microsoft Corp., Seattle, Washington, USA). Binary and nominal or ordinal categorical codes were introduced as needed. Univariate analyses were performed using the GraphPad PRISM 6 statistical software (GraphPad Software Inc., La Jolla, California, USA). The Fisher-Yates test or the chi-square test was used as appropriate to analyze categorical variables. Distribution analyses were performed with the D' Agostino-Pearson test and two groups were compared using the non-parametric Mann-Whitney test. A p < 0.05 was considered significant in each case. The effects of different parameters on dichotomous variables were determined using binary logistic regression analyses. The hypothesis-guided selected variables were tested using the enter method (SPSS, IBM Inc., Chicago, Illinois, USA) and evaluated based on the Wald criterion, the odds ratio, and their significance. On this basis, forward analyses were carried out and their quality was assessed on the basis of the omnibus test of model coefficients and their variance explained using the Nagelkerke pseudo-coefficient of determination. The effects of different parameters on continuous variables were determined using linear regression analyses. Potential predictors were tested using the inclusion method and evaluated using the regression coefficient B, its standardized β, and the t-test. Then propensity score matching [25] was conducted for the variables mortality, re-angiography, and surgical procedures before angiography using the method proposed by Iacus et al. [26] The largest reductions of the multivariate imbalance measure L1 [26] were achieved using nearest-neighbour matching with a random matching order and a logit estimation algorithm. The target matching ratio was 1:2, with a caliper of 0.2. The replacing of matches algorithm was allowed. No case remained unmatched and no covariables remained unbalanced. A matching ratio of 1:1.93 was achieved for mortality and a ratio of 1:2 for the other two variables. Variables included for adjusting were: 1) surviving vs. deceased patients: patient age, gender, cause of accident, direct or secondary admission, OTA classification, which arteries were injured and number of arteries injured; 2) reangiography: patient age, gender, cause of accident and direct or secondary admission; 3) surgery before angiography: patient age and gender. The groups that were formed were then compared using Fisher's exact test or the Mann-Whitney test. A p < 0.05 was considered to be statistically significant.
Results
The age of patients was 57.2 ± 20.0 years at the time of the accident. Two age peaks were differentiated at 44 years and at about 77 years, with a minimum at about 65 years. The causes of accidents and the type and severity of the pelvic injuries are described along with the other parameters in Table 2 . Figure 1a and b show 3D volume rendering reconstructions of the computed tomography of a patient suffering from severe haemorrhage from the left internal iliac territory and pelvic injuries due to a skiing accident.
Patient characteristics
All patients have been referred to interventional treatment at least once, 17 patients twice and one patient three times. No surgical attempts were made for hemostasis, neither was pelvic packing performed. Surgery before angiography mainly consisted of osteosynthesis procedures and installation of one or more Fixateur externe, either in the pelvis, the extremities or both. Within the observed study group 17 patients did not survive their injuries. In three cases (2.7%) the cause of death were major head injuries, in four cases (3.6%) multi-organ failure and in 10 cases (8.9%) exsanguination. The detailed causes of injury, amount of blood transfusions, clotting factors, and other parameters describing the conditions of the patients are shown in Tables 2 and 3 .
Comparison of older and younger patients
The strong predominance of men among the patients under age 65 (49 men vs. 17 women; p = 0.0099) was striking. Younger patients had significantly more severe injuries, more surgical interventions, greater haematoma volume, lower Hb levels and greater need for transfusion than older patients, but the mortality rate was the same in both groups (Table 3) .
Comparison of men and women
Women were significantly older than men (63.9 ± 19.7 years vs. 53.5 ± 19.2 years; p = 0.0051). Despite having the same ISS values and pelvic injury patterns according to the classification adopted by the Orthopaedic Trauma Association (OTA), fewer operations were performed on women than on men ( Table 3 ). The time to angiography was significantly longer than in men, and the mortality rate was twice as high as among men (Table 3) .
Comparison between deceased and surviving patients
The deceased patients had significantly greater haematoma volumes than the surviving patients, lower Hb levels, and longer partial thromboplastin times (PTT) ( Table 3) . Microcoils had been used less often in the deceased group than in survivors. When microcoils were used, their total length was shorter, and the percentage of all coils used was lower than in survivors (Table 3) .
Logistic regression analyses
The decisive factors with respect to mortality were higher ISS before age, haematoma volume, and Hb level (Table 4) , while the number of sources of bleeding was eliminated in the stepwise forward analysis. With respect to the need for re-angiography, only the circumstance of an operation performed prior to the initial angiography was relevant (Table 4) . Macrocoils tended to be used more when the prothrombin time was short. The more packed red blood cells that were administered and the more macrocoils were used, the fewer microcoils were used. The more vessels that had been injured, the more likely it was that particles were used, but not when surgery had already been performed (Table 4) .
Linear regression analyses
Linear regression analyses identified operations prior to embolization and the intake of anticoagulants as factors prolonging the time to angiography and more severe injuries according to OTA as factors reducing the time to angiography. The ISS had a positive effect, but the severity of the pelvic injury according to OTA had a protective effect on the haematoma volume (Table 4) . A larger number of injured vessels and a high ISS prolonged the angiography and the use of particles shortened the angiography. The hospital stay was prolonged by re-angiography, a high ISS, long duration of angiography and the number of macrocoils used.
Propensity score analyses
The propensity score analyses established the following patient-related risk factors for mortality: low haemoglobin associated with a large haematoma volume and high need for transfusion. Procedure-related risk factors were a short length of coils and low total number of coils resulting from a lower number of microcoils used (Table 5) . Performing surgical procedures could not be explained Mann-Whitney Test by the more severe trauma in patients or by any other factor. Surgery resulted in a pronounced delay of angiography and was associated with a higher volume of haematoma. Re-angiographies were needed in patients with haemorrhage of the parietal branches of the internal iliac artery such as the superior and inferior gluteal artery. Furthermore, particles were used less frequently in these patients. The hospital stay was prolonged dramatically in these patients by more than one month.
Discussion
This study showed that the mortality rate depended significantly on a high ISS, age, haematoma volume and Hb level. The propensity score analyses showed that a short total length of coils and the use of too few microcoils were procedure-related factors that were highly significant for mortality rates. The hospital stay was prolonged by re-angiography, elevated ISS, the duration of the initial angiography and the number of macrocoils used.
If surgical procedures were performed before the angiography, the time until angiography was prolonged by more than 10 h and the haematoma volume increased by more than 200 ml. However, the propensity score analyses did not confirm a more frequent occurrence of re-angiographies when other surgical procedures had been performed prior to the initial angiography. No evidence was found for a possible reason why the initial decision for surgery had been made in the respective cases.
Re-angiographies were performed in patients with haemorrhage in the parietal branches of the internal iliac artery such as the superior and inferior gluteal arteries and who generally had not been treated with particles.
The duration of the initial angiography was shortened when particles were used. Macrocoils were used primarily when the prothrombin time, an indicator for extensive tissue damage, was short. The more macrocoils had been used, the fewer microcoils were used. In women, the time to angiography was longer, fewer operations were performed and the mortality rate was higher than in men.
With respect to possible conclusions from the results, there are some limitations of this study that must be considered. The first limitation is the retrospective study design that may mean that some data from older examinations may be incomplete. For example, the number of packed red blood cell transfusions may have been underestimated. Although the group of 112 patients observed in this study can be considered to be large compared with literature [17, 19] , the possibilities of multivariate analyses that can be conducted in it are nevertheless limited. For example, no analyses of the cause of the accident or the injured vessels could be made. It must also be taken into account that in retrospective studies, effects of factors on other parameters must be assessed with caution, as there may be a bias due to factors that may not have been documented and are therefore unknown. For example, if a patient had been treated with pelvic packing instead of angiography in the observation period, there would have been a selection bias whose effect on the results of the study could no longer be determined. Since it cannot be ruled out that, for example, a causal factor that was ultimately responsible for affecting a parameter was not included in the data and analysis, it is possible that some of the factors indentified as causal in the regression models are actually only covariables. Of course, it is directly evident and intuitively true in the sense of René Descartes' "Discourse of the Method" that an operation needs time and can thus be considered to be a causal factor for a delay until angiographyhowever, that does not explain the question of whether an angiography would even have been performed without the operation or the patient would perhaps have died.
Finally, the study impact might be limited due to lack of a control group and the fact that the use of pelvic binders could not be evaluated accurately. Pelvic binders are applied routinely for initial pelvic stabilisation in our institution, but neither their application to the patient nor their removal had been documented sufficiently. They may be a strong predictor for outcome, but this has not been analysed.
The predominance of OTA type B and C injuries within the cohort could be explained by the fact that severe haemorrhage occurs less frequently with less severe injuries of the bony pelvis [19, 27] . Since at least 8.9% of patients had severe haemorrhage without bone injuries, further imaging should also be carried out in those cases. The location of the bleeding, usually the territory of the internal iliac artery, corresponds well with the literature [2, 6] . The close proximity of parietal branches to the bony structures of the pelvis could cause shearing and bruising of the vessels on the bone and cuts from bone fragments if a fracture occurred. If these parietal branches are affected by haemorrhage, it is presumably therefore more probable that a re-angiography will be needed because these vessels are especially well collateralised and the haemorrhage possibly does not stem from only one side.
The characteristic age distribution can be attributed to the different origins of trauma in different phases of life. While in younger patients, risky behaviour in sport, recreation and traffic is assumed, pre-existing osteoporosis in elderly patients could make them prone to fractures after what are usually simple falls [1, 3] . The lower ISS and the less frequent surgeries in older patients in comparison with younger ones are indications of the low-energy trauma in older patients [1] . Accordingly, the haematoma volume was smaller in the older patients. The shorter time between the trauma and the start of angiography in patients below age 65 could be related to the more extensive injuries that are likely to be associated with faster admission to the hospital and more rapid initiation of treatment. The significantly longer duration of the angiography in elderly patients can be interpreted to mean that they could initially be more stable because of the smaller extent of haemorrhage and therefore less urgency is perceived. This is consistent with the use of a significantly higher number of microcoils, whose application is somewhat more time consuming than other coils. Their advantage is the possibility of probing smaller branches more selectively using microcatheters and then selectively embolizing them. The higher mortality rate in elderly patients that is consistent with literature [28] can possibly be attributed to their lower physiological reserves on the one hand and to more frequent comorbidities on the other hand [3, 4] . The significantly higher age of women compared to men at the time of the accident, which is also consistent with literature [29] , could explain the higher mortality rate of women [4] . However, there is no explanation for the fact that significantly fewer operations were performed than in men for injuries of the same severity and that the time until angiography was longer than for men except that women were disadvantaged with respect to treatment.
The deceased patients had significantly lower Hb levels and accordingly were given more packed red blood cell transfusions. Both factors are known to be associated with a higher mortality rate [30, 31] . The ISS and the volume of the haematoma were greater in the deceased. The prolonged PTT could suggest disseminated intravascular coagulation. All these factors can be attributed to the severity of the injury -indirectly in the case of ISS, Hb level, and the volume of the haematoma and directly for packed red blood cell administration. Theoretically, the only way to affect these factors at least in part is to achieve effective haemostasis as quickly as possible and thus perform an angiography as soon as possible. However, the propensity score analyses showed two new, previously unknown, major risk factors for mortality: a considerably shorter total coil length and the much less frequent use of microcoils. This suggests that in an angiography of the pelvic vessels after a trauma, particular importance should be given to thorough peripheral embolization with a sufficient number of microcoils, especially for haemorrhage from the parietal branches of the internal iliac artery. Contrary to the widespread opinion of many interventional radiologists, it should not be relied on that haemorrhage that is reduced by the application of a few coils will resolve over time due to coil-induced thrombosis of the vessel. On the contrary, thorough embolization should continue until complete stasis, especially as the ability of blood to coagulate is reduced by the trauma itself and by blood loss. This hypothesis is supported by the fact that the main cause of death was exsanguination due to severe trauma, before multi organ failure and head injuries. By means of modern angioembolization arterial haemorrhage can be controlled sufficiently and effectively but neither can venous haemorrhage nor bleedings from bone fractures be treated. Therefore, the application of pelvic packing [15] after arterial angioembolization has to be considered as an hybrid approach in situations where the patients remain unstable after embolization, i.e. when the Hb level is continuously falling. Some arteries might be difficult to reach surgically [15] and opening of the retroperitoneal space in presence of arterial bleeding may even pose a further risk for the patient. Due to our finding that surgery before angioembolization was a strong predictor for redo-angiography, we suggests to perform angiography first. However, prospective trials evaluating best practise whether to perform pelvic packing or angioembolization first are presently not available. The mortality of 15.2% in the this study is very low compared with the literature [10, 22, [32] [33] [34] [35] suggesting a mortality of at least 40% -60% -especially considering the number of patients suffering from major trauma in the our study. The fatal outcome of the 10 patients deceased due to exsanguination might could have been avoided by choosing a hybrid approach of packing and embolization. There is an urgent need for prospective studies aiming to further improve patient selection and management for the procedures.
Patients who later underwent re-angiography were initially transferred from other hospitals to the first level trauma centre more often than others. Surgical procedures before the initial angiography were markedly more frequent in this group. The haematoma volumes in these patients were somewhat greater, the Hb levels lower, and the partial thromboplastin times prolonged. Since the severity of the injuries did not differ from those of patients who underwent only one angiography, it is possible that the longer waiting period led to greater blood loss and consumption of coagulation factors, as suggested by the propensity score analyses. Since the injuries were not more severe than in other patients, it can also be assumed that the operations performed before the angiographies were given priority more due to an individual decision than to vital indications. All patients with active arterial bleeding after a blunt pelvic trauma should therefore initially undergo an angiography. Since fewer particles were used in the initial angiography of patients who underwent multiple angiographies than in patients who did not undergo a re-angiography, particles should be used for every pelvic haemorrhage unless contraindicated.
Since the length of the hospital stay in the multivariate analyses proved to be dependent on the re-angiographies, an higher ISS, the duration of the initial angiography and the number of macrocoils used, a reduction of the reangiography rate might also contribute to a reduction in the length of stay. However, the ISS itself cannot be affected, nor its impact on the duration of the initial angiography or the number of bleeding sites and thus the vessels to be probed. However, the propensity score analyses showed that trauma to the parietal branches of the internal iliac artery was an additional risk factor for reangiography. If these branches are affected, particular attention should be given to thorough peripheral embolization with the application of particles as far peripheral as possible. Moreover, the use of particles is the only factor for reducing the duration of the initial angiography that can be modified. The number of the macrocoils used must be understood in light of achieving rapid haemostasis through the fastest possible embolization of injured major vessels without the highly selective probing of other branches and therefore can also not be influenced.
Conclusion
In summary, older patients had mainly "low-energy" traumas while severe polytraumas were frequently observed among younger people. The severity of the injury, the haematoma volume, low Hb levels and advanced age were relevant for survival. However, the length of coils and the use of microcoils were also found to be factors that could be modified. Embolization should therefore always be carried out as far peripheral as possible. As many microcoils as are needed until complete stasis is achieved should be used.
Since angiographies were delayed especially in women and older patients, the outcomes for these groups might be significantly improved if they received equal treatment. The initial use of microparticles in addition to coils may reduce both the duration of the angiography and the re-angiography rate. Macrocoils are the treatment of choice for severe bleeding from large vessels, but in general, if there is time, preference should be given to microcoils in highly selective vessels to the bleeding source combined with particles. 
